Background: Prolonged postoperative ileus (PPOI) is a common complication after
| INTRODUCTION
Postoperative ileus (POI) is a phase of a symptomatic delay of gastrointestinal motility after abdominal surgery. The clinical manifestations include abdominal pain, nausea, vomiting, moderate to severe sick, intolerable of a solid diet and a delayed passage of flatus and stool, which usually resolves spontaneously within 2 to 3 days. 1, 2 If the symptoms persist for more than 4 days, prolonged postoperative ileus (PPOI) is defined. 2 PPOI was an essential contributor to the prolonged hospitalization and readmission, increasing substantial physician workload and high costs on the healthcare system. 3 The incidence of PPOI was reported to vary from 3% to 32%, and there were some differences among the sites of abdominal surgery. [4] [5] [6] However, a majority of the previous studies on PPOI were based on patients referred to colonic or rectal resection, and little data existed on gastrectomy. 7, 8 Gastric cancer is the third leading cause of cancer death worldwide although its incidence is decreasing. 9 Management of standard surgical approach remains controversial. Laparoscopic gastrectomy has gained popularity in the treatment of early-stage gastric cancer. 10 However, open surgery is still the current standard for advanced gastric cancer according to the Japanese gastric cancer treatment guidelines.
11
A recent randomized clinical trial compared laparoscopic distal gastrectomy with open distal gastrectomy and did not result in inferior disease-free survival at 3 years among patients with locally advanced gastric cancer. 12 The operational advantage of laparoscopic surgery on gastrectomy has been identified, including decreased blood loss, shorter time to ambulation and faster recovery of bowel function, leading to a reduced rate of PPOI. However, anastomotic leakage and pneumoperitoneum-related complications seemed more likely to occur after using the laparoscopic approach, 11, 13 leading to an increased rate of PPOI. To our knowledge, no study to date focused explicitly on the impact of laparoscopic vs open surgery for PPOI after gastric cancer surgery. Thus, the present study aimed to compare the effects of different surgical approaches on PPOI in a cohort of consecutive patients who had undergone a gastrectomy. (Figure 1 ). Forty-one patients were removed from this study, who fulfilled the exclusion criteria including resection at urgent operation (n = 12), open-close operation (n = 5), palliation surgery (n = 11), multi-visceral resection (n = 4), planned laparoscopic surgery converted to open surgery significantly in the three group stratified analysis for the patients with WBC counts in the middle and or high tertile groups. Conclusions: PPOI is a common postoperative complication of patients after gas- (n = 9). Ultimately, a total of 162 patients composed of 63 patients undergoing laparotomy and 99 patients undergoing laparoscopy were left for analysis.
| PATIENTS AND METHODS

| Study population
| Diagnosis of PPOI
The definition of PPOI was adopted from the results of a systematic review and global survey. 2 The validity of this concept was universally accepted by a variety of investigators. 5, 7, [14] [15] [16] [17] Accordingly, diagnoses of PPOI were identified if two or more of following events after day 4 postoperatively: (a), nausea or vomiting; (b) inability to tolerate an oral diet over the prior 24 hour; (c) absence of flatus over the prior 24 hours; (d) abdominal distension; (e) radiologic confirmation. 
| Data collection procedures
Data were prospectively collected before the assessment of PPOI, and this study was designed after complementing data entry, which avoided the interference of data collection from investigators. Patient background factors, including sex, age, body mass index, and previous abdominal surgery were collected on admission. Features of the operation consisted of operative time, estimated operative blood loss, perioperative transfusion and type of operation. All operations including open resections and laparoscopic-assisted procedures were included in the study. Postoperative physical examination, normal hematopoietic and biochemical tests were examined on the first day after surgery. Markers of inflammation, including postoperative body temperature and leukocyte, were collected. Postoperative albumin was also included, which was considered as a surrogate marker for nutritional status and as a negative inflammatory marker. Postoperative potassium level was reported to be associated with the development of prolonged ileus and was recorded in the study by Kuruba. 18 Pathologic staging was classified according to the seventh edition of the AJCC TNM staging system of gastric cancer. Whether opioid analgesics were used after surgery was assessed by the medical-therapy group's evaluation of postoperative pain which was collected in the study.
| Statistical analysis
Data were reported as a mean ± standerd deviation for continuous variables and as a patient percentage for categorical variables. The differences between groups were calculated by using One-Way ANOVAs, Kruskal-Wallis H tests, and Chi-squared tests as appropriate. Univariate and logistic regression analyses of factors associated with PPOI were performed. The non-adjusted, minimally adjusted and fully adjusted multiple logistic regression models were used to assess the association between two surgical techniques and PPOI. The covariates were considered in the fully adjusted model if the matched odds ratio changed at least 10 percent as the result of adding those covariates. 19 Also, stratified and interaction analyses were undertaken according to the two classification schemes of baseline characteristics. Finally, the non-adjusted, minimally adjusted and fully adjusted multiple regression analyses in the stratified populations established the effect of surgical techniques on PPOI. All of these analyses were performed using the statistical software packages R (http://www.R-proje ct.org, The R Foundation) and EmpowerStates (http://www.empow ersta tes.com, X & Y Solutions, Inc, Boston, MA). The 95% CIs for betweengroup differences were calculated and P < .05 (two-sided) were considered statistically significant. This study was reported according to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines. 20 
| RESULTS
| Patient characteristics
The characteristics of the patients in the open and laparoscopic groups are presented in Table 1 . A total number of 162 patients were included in the analysis, with a predominance (n = 99, 61.1%) in the laparoscopic group. The majority of the patients was male (n = 124, 76.5%) and patients in the open group were older than patients in the laparoscopic group. Of the total patients, 32 (19.75%) developed a PPOI. The incidence of PPOI in the open group was higher than the laparoscopic group (28.57% vs 14.14%, P = .025). Moreover, the laparoscopic approach was associated with a longer operative time, less intraoperative blood loss, a higher level of postoperative albumin and lower level of postoperative serum potassium than open surgery. Interestingly, opioid analgesic medications were more often prescribed in the postoperative patients with laparoscopic surgery. Otherwise, the distribution of patient characteristics (sex, body mass index, previous abdominal surgery, blood transfusion, tumor stage, postoperative body temperature, postoperative WBC) between both groups was similar.
| The relationship between patient characteristics and PPOI
Univariate analyses were performed to evaluate factors affecting PPOI, and the results are shown in Table 2 . Compared to open surgery, the laparoscopic approach was a strong protective factor for the PPOI (OR = 0.41, CI: 0.19-0.90, P = .027). A significantly positive correlation was observed between PPOI and a series of patient characteristics, including: older age (OR = 1.05, CI: 1.01-1.09, 
| Surgical approaches were independently associated with PPOI
To identify the independent effect of surgical approaches on PPOI, we performed multiple regression analyses in different models (Table 3) . Similar to the non-adjusted model, laparoscopy approach was a significant protective factor for PPOI in the minimally adjusted model (OR = 0.40 CI 0.18-0.86, P = .024, adjusted for sex and BMI). We screened six covariates that significantly affected the matched odds ratio (more than 10% 19 ) of the non-adjusted model, including age, intraoperative blood loss, tumor stage, postoperative albumin, postoperative serum potassium, and a postoperative opioid analgesic. In the fully adjusted model (adjusted for sex, BMI and six screened covariates), the result remained significant (OR = 0.17, CI: 0.05-0.52, P = .002).
| Stratified analyses of surgical approaches on PPOI
One way to examine the primary association of interest at different levels of a potential confounding factor is stratified analysis. We further detected the effect of surgical approaches in subgroups (divided by the median or clinical thresholds) of patient characteristics. As was shown in 
T A B L E 2
The results of the univariate analysis for factors related to PPOI correlation with PPOI: open surgery, older age, late surgical pathologic staging, postoperative use of opioid analgesic, low level of postoperative albumin and serum potassium. Our study confirmed that the laparoscopic approach was a significant protective factor for PPOI after gastric surgery and multivariable analysis was performed to ensure that adjusting simultaneously for multiple covariates would not change the result. Furthermore, stratified analyses demonstrated that laparoscopy approach had strong protective effects in the subgroup patients with high level of postoperative WBC. In our study, the frequency of PPOI after gastric surgery was 19.75%, which was lower to that reported by Huang et al (32.4%) in gastric cancer 7 and similar to previous studies about colectomy by Hain et al (15%) and Chapuis et 
T A B L E 3
The association of PPOI and operation method in different models F I G U R E 2 Subgroup analyses of PPOI, according to baseline characteristics. Values shown in bold are statistically significant (P < .05).
Abbreviations: BMI, body mass index; LS, laparoscopic surgery; OS, open surgery; postoperative body temp., postoperative body temperature; P for inter., P for interaction; WBC, white blood cell al (14%). 5, 6 The frequency of PPOI was variable in different studies due to the ambiguity about the definition. Controversies have mainly focused on the duration of ileus that should be regarded as prolonged. An observational study of 2400 consecutive patients determined 3 days as prolonged ileus, 5 whereas Dai et al specified 4 days and Artinyan et al defined more than 6 days. 21, 23 A global survey and systematic review extracted definitions from 52 identified trials and proposed 4 days as a standardized endpoint for PPOI. 2 It was well accepted in subsequent studies, and we also adopted this definition as diagnostic criteria in our study. 3, 16 Given the variability in the definitions of this significant complication, further research is necessary to establish a more precise, validated definition.
In the present study, we identified the open operative approach as an independent risk factor for PPOI, which was consistent with the results reported in other studies. 14, 24 Laparoscopic surgery has been shown to have similar or better long-term outcomes compared with open surgery in gastric cancer patients, even in patients with advanced tumor stage. 10 A meta-analysis comparing laparoscopic total gastrectomy with open total gastrectomy for the treatment of gastric cancer and laparoscopic surgery was associated with a quicker recovery of gastrointestinal motility. 25 However, the results of an observational study of 2400 consecutive patients showed that the open vs laparoscopic operation did not have a significant effect in the multivariable model. 5 Characteristic analyses of this large sample population indicated that open operation was significantly more common among males and at urgent resection, which may displace effect from open vs laparoscopic operation in the multivariable model. Our results showed that laparoscopic surgery took longer operative time to perform but was associated with less intraoperative blood loss, quicker recovery, and better postoperative outcomes. Recovery of gastrointestinal function after abdominal surgery has been shown to occur an average of 2 days later in patients who undergo open vs laparoscopic surgery. 26 The laparoscopic approach is associated with minimal trauma and lower level of systemic inflammation, which may lead to a faster recovery of postoperative bowel function. [27] [28] [29] Our results also demonstrated that the laparoscopic approach had predominance in the subgroup patients with higher risk of infection. In our study, laparoscopic operations were significantly more common among patients postoperatively using opioid analgesics which may inhibit peristalsis in the gut and increase the incidence of PPOI. 30, 31 The variable imbalance of opioid analgesics in the laparoscopic group was likely to contribute to the open group, which made our results more reliable. In addition, lower postoperative potassium level was associated with the development of PPOI in elective colon resections. 18 Characteristic analyses in our study indicated that the laparoscopic approach was associated with lower level of postoperative serum potassium than open surgery, which was also likely to contribute to the open group. Therefore, laparoscopic gastrectomy should be recommended in patients with gastric cancer to reduce PPOI. Several studies have demonstrated the prior abdominal surgery about an increased incidence of PPOI after abdominal surgery. 4, 15, 32, 33 However, no significant difference in PPOI about prior abdominal surgery was found in our study. We analyzed those studies to examine potential causes of heterogeneity. In addition to the difference of populations, the range of prior abdominal surgery was of prime importance. For example, patients who had previous major abdominal surgery other than appendectomy, hysterectomy, cesarean section, or cholecystectomy were also excluded in the study by Kronberg et al 4 In our study, we did not restrict the range of previous abdominal surgery, which was not comparable. There are certain limitations to the present study. As this was a retrospective cohort study, not all potential parameters could be detected. Meanwhile, our findings arose from a single surgical group on gastric cancer and may not be generalizable to other institutions or abdominal operations. There may also have some bias, as the selection of surgical approaches was based on the doctor-patient preoperative communication. Thus, a prospective randomized controlled trial is needed in the subsequent studies.
| CONCLUSION
In agreement with findings from previous studies, results of our study reinforce the view that the type of surgical approach has a relationship with PPOI in patients with gastric cancer, and we suggest that laparoscopic surgery should be recommended in patients if available. Patients who underwent open surgery and were associated with high level of postoperative WBC should be cautious with PPOI, and preventive measures should be considered early.
